Abstract. FAS/FASL gene promoter polymorphisms are associated with cervical cancer risk, however, results from previous studies have been conflicting. To obtain a more precise estimation of the association between these polymorphisms and cancer risk, a meta-analysis was performed. All eligible studies up to November 1st, 2012, concerning FAS-670 A/G, FAS-1377 G/A and FASL-844 T/C polymorphisms and cervical cancer risk, were collected from the following electronic databases: PubMed, Excerpta Medica Database and Chinese Biomedical Literature Database. The odds ratio (OR) and 95% confidence interval (95% CI) were used to assess the strength of the association via the additive, codominant, dominant and recessive models. In total, 10 publications with 11 case-control studies (10 on FAS-670 A/G, 5 on FAS-1377 G/A and 6 on FASL-844 T/C polymorphisms) were included in this meta-analysis. No association between FAS-670 A/G, FAS-1377 G/A and FASL-844 T/C polymorphisms and cervical cancer susceptibility for all the genetic models was identified. Following stratification of the studies by ethnicity or source of controls, similar results were obtained. In conclusion, our findings showed that the FAS-670 A/G, FAS-1377 G/A and FASL-844 T/C polymorphisms are not associated with cervical cancer risk. Future studies with larger sample sizes are required to further evaluate these associations.
Introduction
Cervical cancer was the third most commonly diagnosed cancer and the fourth leading cause of cancer death in females worldwide in 2008 (1) . Risk factors for cervical cancer include early onset of sexual activity, multiple sexual partners, cigarette smoking, high parity, low socioeconomic status, immuno suppression, high-risk sexual partners (2) and particularly, human papillomavirus (HPV) infection (3) . HPV infections are widespread in the general population. However, only a small proportion of infected women progress to cervical cancer (4) , suggesting that the development of cervical cancer may be influenced by genetic factors.
FAS (also known as Apo-1 or CD95), a cell-surface receptor, plays a key role in apoptotic signaling in many cell types (5) . FAS ligand (FASL) (also known as CD95L), a member of the tumor necrosis factor super family, can trigger an apoptotic cascade by cross-linking with its receptor, FAS (6, 7) . Single nucleotide polymorphisms in the promoter regions of FAS and FASL have been associated with the differential expression of these two genes. It was reported that a G→A transition at position -1377 and an A→G transition at position -670 in the promoter region of the FAS gene destroys stimulatory protein (Sp) 1 and signal transducer and activator of transcription (STAT) 1 protein-binding element, reducing promoter activity and decreasing FAS expression (8, 9) . In regards to the FASL gene, it has been shown that a T→C transition at position -844 in a binding motif for CAAT/ enhancer-binding protein β induces a significantly higher basal expression of FASL (10) .
Although evidence of an association between FAS/FASL polymorphisms and cervical cancer risk has been reported, the findings remain controversial (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) . Therefore, we performed a meta-analysis of all published studies on the association between the FAS/FASL polymorphisms and cervical cancer.
Materials and methods
Publication search. A search of the literature was performed using PubMed, Excerpta Medica Database and the Chinese Biomedical Literature Database to identify articles that evaluated the associations between polymorphisms in FAS/FASL and cervical cancer risk (last search was updated on November 1st, 2012). The search terms used were: 'FAS or CD95 or FASL or CD95L', 'cervical carcinoma or cervical cancer or cervix cancer' and 'polymorphism or polymorphisms'. In addition, we checked all the references of relevant reviews and eligible articles that our search retrieved. No language restrictions were applied. If more than one article was published by the same author using the same case series, we selected the research with the largest sample size.
Inclusion and exclusion criteria. All the studies included in the meta-analysis were required to meet the following criteria: i) case-control studies; ii) evaluation of the association between FAS/FASL polymorphisms and cervical cancer; iii) sufficient data for the estimation of an odds ratio (OR) with 95% confidence interval (CI). The exclusion criteria were: i) duplicate data; ii) no controls; iii) no sufficient data were reported and; iv) abstract, comment, review and editorial.
Data extraction. Two investigators independently extracted the data and reached consensus on all items. For each eligible study, the following were extracted: the first authors' name, the year of publication, ethnicity (including Caucasian, Asian, patients of African descent and Mixed) of the study population, sources of controls (population-or hospital-based), sample size of cases and controls, genotyping method, distributions of every genotype and evidence of Hardy-Weinberg equilibrium (HWE).
Statistical analysis. ORs with 95% CIs were calculated to assess the strength of the association between FAS/FASL polymorphisms and cervical cancer risk. To estimate associations with cervical cancer risk, various genotypic models were explored, including the following models: i) additive (minor allele vs. major allele); ii) codominant (heterozygous vs. common homozygous carriers and rare homozygous vs. common homozygous carriers); iii) dominant (rare allele carriers vs. common homozygous carriers); iv) recessive (rare homozygous carriers vs. common allele carriers). Subgroup analyses were performed by ethnicity and source of controls.
Heterogeneity among studies was assessed by the χ 2 -based Q-statistic (23) . Heterogeneity was considered significant for P<0.10. When significant heterogeneity was detected, the random-effects model (DerSimonian and Laird method) (23) was used, otherwise the fixed effects model (Mantel-Haenszel method) (24) was selected. The goodness-of-fit χ 2 test was used to assess the deviation from HWE in controls, with statistical significance defined as P<0.05 (25) .
Publication bias was evaluated using Begg's funnel plot (26) and Egger's linear regression test (27) . Analyses were performed using the software Stata version 12.0 (Stata Corporation, College Station, TX, USA). P<0.05 was considered to indicate a statistically significant difference and all the P-values were two sided.
Results
Eligible studies. Based on a literature search and selection, a total of 10 publications (11) (12) (13) (14) (15) (16) (17) (18) (19) 22) comparing the FAS/ FASL polymorphism and cervical cancer susceptibility were identified. Among these studies, 1 study was in Chinese (22) and 1 study contained data on two different ethnicities (18) . As a result, 11 case-control studies were included in this meta-analysis. Ten studies on FAS-670A/G polymorphism, five on FAS-1377G/A and six studies on FASL-844T/C polymorphisms met the inclusion criteria (Table I ). The genotype distribution in the controls of the studies was consistent with HWE, with the exception of 2 studies for FAS-670 A/G polymorphism (17,18) and 1 study for FASL-844 T/C polymorphism (11) ( Table I) .
Analysis for FAS-670 A/G polymorphism.
A total of 2,127 cases and 2,408 controls were identified for the analysis on FAS-670 A/G polymorphism and cervical cancer risk. The overall result suggested no statistically significant association of this polymorphism with cervical cancer susceptibility (for G vs. A: OR=1.016; 95% CI, 0.898-1.149; P=0.028 for heterogeneity; for GG vs. AA: OR=0.944; 95% CI, 0.729-1.222; P=0.058 for heterogeneity; for GA vs. AA: OR=1.034; 95% CI, 0.768-1.393; P=0.000 for heterogeneity; for GG+GA vs. AA: OR=1.043; 95% CI, 0.797-1.366; P=0.000 for heterogeneity; for GG vs. GA/AA: OR=0.999; 95% CI, 0.784-1.274; P=0.004 for heterogeneity; Table II ). In the subgroup analyses by ethnicity and source of controls, no significant associations were found for the genetic models (Table II) . Following the exclusion of studies deviating from HWE in controls (17, 18) , the non-associations in the above-mentioned genetic models remained.
Analysis for FAS-1377 G/A polymorphism.
A total of 1,172 cases and 1,476 controls were identified for the analysis Table I . Characteristics of studies considered in the meta-analysis.
Sample size c Random-effects model was used when P-value for heterogeneity test was 0.05, otherwise the fixed-effects model was used. HB, hospital-based case-control study;
GG vs. GA/AA -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
PB, population-based case-control study; OR, odds ratio; 95% CI, 95% confidence interval.
on FAS-1377 G/A polymorphism and cervical cancer risk. The overall result showed that there was no statistically significant association between this polymorphism and cervical cancer susceptibility (Table II) . Subsequent subgroup analyses revealed that there was no statistically significant association in each subgroup by ethnicity and source of controls in the genetic models (Table II) .
Analysis for FASL-844 T/C polymorphism.
A total of 2,485 cases and 1,786 controls were identified for the analysis on FASL-844 T/C polymorphism and cervical cancer risk. The overall result showed that there was no statistically significant association between this polymorphism and cervical cancer susceptibility (Table II) . Following exclusion of the study deviating from HWE in controls (11), the results did not alter substantially in any of the genetic models. Subsequent subgroup analyses revealed that there was no statistically significant association in each subgroup by ethnicity and source of controls in the genetic models (Table II) .
Publication bias. Both Begg's funnel plot and Egger test were performed to assess the publication bias of the studies. The shape of the funnel plot did not reveal any evidence of obvious asymmetry (Fig. 1 ). The Egger test was used to provide statistical evidence of funnel plot symmetry. The results again did not suggest any obvious evidence of publication bias for the genetic models (all P>0.05).
Discussion
Genetic variants of the FAS/FASL gene in the etiology of several types of cancer have drawn increasing attention. A number of studies revealed that polymorphic variants of the FAS/FASL polymorphisms were associated with etiology of cervical cancer. However, the results are inconclusive. To gain a better understanding of the association between these polymorphisms and cervical cancer risk, a pooled analysis with a large sample of patients, as well as a subgroup analysis were performed. The aim of our study was to investigate the relationship between FAS/FASL polymorphisms and cervical cancer susceptibility.
In this meta-analysis, we failed to find any association between FAS-670 A/G, FAS-1377 G/A and FASL-844 T/C polymorphisms and cervical cancer risk in the overall analysis. In the subgroup analysis, no association was identified between the three polymorphisms and cervical cancer. These findings indicate that the three polymorphisms may not be risk factors for the development of cervical cancer.
Apoptosis is an important regulatory mechanisms occurring in multicellular organisms that is involved in normal development and tissue homeostasis (28) . FAS plays a crucial role in apoptotic signaling and interacts with its natural ligand, FASLG, to initiate the death signal cascade, which results in cell death. Findings of Ueda et al (14) on germ-line polymorphism of Fas promoter -670 demonstrated that the frequency of GG genotype or G allele increased the risk of cervical cancer. Lai et al (12) detected an association between the Fas-670 polymorphism and cervical cancer susceptibility. Zoosdma et al (13) have demonstrated that Fas-670 polymorphism might be involved in the development of adenocarcinoma of the cervix but not in the development of squamous cell carcinoma. Engelmark et al (21) , Sun et al (11) and Chatterjee et al (18) did not show a significant association of the FAS/FASL polymorphisms with cervical cancer. Qiu et al (29) indicated that significantly increased risks in FAS-1377 AA carriers were found in the breast cancer subgroup but not in the lung cancer subgroup. Liu et al (30) indicated that the FASL-844C allele was associated with a significantly increased cancer risk overall, but in the stratified analysis by cancer types, significant associations were still not observed in the genetic models. In contrast to these studies, our data failed to reveal significant associations between FAS/FASL polymorphisms and cervical cancer. The cause of these varied results remains unclear, however, discrepancies may exist due to different mechanisms of carcinogenesis in different types of cancer. Cervical cancer is a multi-factorial disease and individual exposures to various environmental factors in combination with genetic susceptibility may have contributed to discrepancies.
However, this study has several limitations. First, significant between-study heterogeneity was detected in some of the comparisons, distorting the findings of the meta-analysis. Second, subgroup analyses concerning other risk factors such as smoking status and HPV infection have not been included in the present study due to insufficient data from the primary literature. Third, further studies estimating the effect of gene-environment interactions may eventually provide an improved, comprehensive understanding of the association between the FAS/FASL polymorphisms and cervical cancer risk. Fourth, relatively small samples of subpopulation may render the interpretation of negative results difficult, requiring more studies with a larger sample size to elucidate those effects. Fifth, the meta-analysis remains a retrospective study that is subject to the methodological deficiencies of the included studies.
In conclusion, our meta-analysis suggests that FAS-670 A/G, FAS-1377 G/A and FASL-844 T/C polymorphisms were not associated with cervical cancer risk. However, large sample studies including different ethnic groups with a careful matching between cases and controls are necessary to confirm our findings.
